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(74) tflel°] 2:^3- 



(54) «!-§--§- ^ °l-§-*> ^ ^ y o V ^ 



H J-g-°r ^ ^^"fr °l-g"?b ^ #*1 3* U^l 7flAl£)<H ojcf. 7)1 A]^ ^lfe, ^^°1B Cf°l^(10)^, 41 

ei-ei ^i-(20)2f, 7i-<i^-<4, 7}-<a- i-^7-i(4i)J4, °j-^ s^-¥-« s^-st-jz. °a^.^, °1 °i-g-t.v ^ ^1^ « 0 ^#, 

^ ^-g--^-(ii) vflo)! ji^o| ^ #(M )^- ^ ^ o_3.^-B\ /flef'ii *g-t-g- 

^*|al ^-g-if ^4$o\] >a*lsR=- cfTfl; ^-g--^ ifls] ^#o] ^vo] ^fl^i aV-g-g- aj-e^V s\5L 

^ -S^#-°r 71-^ Sf^ cjTl]; «vh§-°r Aj-Eflal 7]-<a-5Vaj ^-f-o]] ^^^7]^ o|s- ^aI?)^ ^-Tflt S. 
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i 2 

^ H *MHH 4* ^ all 4 ^1* H^ltb 

£ 2 Si £ 3£r 51 221 12] ^.3. ^-g- 51*1$ ^o.^., -g- -^o] ^Aloflofl = ig ^ ^^S)-7) 

*ll 3" -tfEflSl. 

£ 4a S> £ 4b^ £ 1 ifl*l S. 3ol] 51^ %m.2] *fl2: l}^* *W £-^1^ ^51. 

10 ; ziBl-sWH 11 ; ^-g-^- 

12 ; ne>5}-o]E id 20 ; ^al-si ^-t 
21 ; ^*d-*r- 31 ; -frs. 7><i-g- 3<H 
41 ; 7>«a- l-^^i 54 ; 

£ H"^* 4# 9l ^ ^-##2] ^l^ofl o. S A>-g-S]^ g-^## 4!*f*rJL ^^Sl-Tfl *l*f^ ^ SI 71) 

sffe *-g"8- ^ (semi-solid metal forming)* °l-g-$ ^ ^"^2f o] ol-g-sH ^-fc- ^Wi- 
fe •a-'Sofl ?tSr 

2)5" ^^21 ^2]- >f|f-ofl tfl*l iH|4fo] ^7|- Cj-O^jj, Ol^ o\o\] ttj-Ef aflf-fij efo) H A>oj§(ljf e C yC 

le)o) S-^lS 5U°- n l. 4lH]7H-2l ^ofl ^O] ^=-2] ^-O. 7V^) ^-f7f &Cf. 

°l e ^1 ^-^-sl-Jl cf«3=«: aflS§£, -f-Aj- A># -g-^, fS°J ^g, cj-oj^^ u- a^A =.3). ^ = 

f«H *H2l$^, °1 ^<8#<8t 7l7^]^^ 7^ Si fJ-Si #*fl Xl^^Cf. 

Z^C-fl, olsq- 7)7)]^^- 7>^ ^-3}- ^ ^1^- 7l<3-8r, ^Aj-o] = ig.g. ^^^7 7}^t}7] 2j Sfl , 

^■^2] d 31*^ JUL 2. (modeling)*)-^ 7)^°] «ja.«M, ^* »<H g-^ 7^ a] ^^Sj ^ ^ 

A o V ^ ^^l^ 0 l ^^^1^1 2t^, ^ 7}^] I4-S- 74) S? 7}^- S^»* ^Ji^YE) n] 

el <J-^«flo> tic)-. 

o}-er A 1, *fl-§-2] Bfo] = A>ol^o) jj-o]-^ a. ^)]#2l ^Aj-o) ^■^•* r jl cf^Sfl^fe ^^Hl U]*o)a. nfl ^.^ 

21 ^l^-oll AjTj-o) zjo] ^1^-2| ^ 5}olH AHl-a- *°r7 r 7l ^ # ffi^V e>, ^aj-ofl ^-o. H|_g. 0 | ± 

JS.S101 ^flf-21 7V^ ^^jj^ol T-iSfEl^^olol S\3L ^Cf. 
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£ #^tI-8-, ^A^r ^-i- c}]*}-nl^- ^#3} *fl98-263325:°lM -=-^-g- Mcf 

% v 4= 5Ufe «J-g-g- -g-^r ^*8H-& ^ ^1^ ^ £ 7lM«- a), oicf. 

'1W€ °o Vt S Si #*H1 tcJ-=.^. ^ ^% v -g: Ji^-ol akg-g- Aj-EflSL 7(-«*V c]~g- o|f ^s-o)] 7f<a- 

^ s^*^ >m-«* ^*\*) <&°\s. e]es, ?%si 7 n^- ^ ^i^h ^^5]^ ^4 n].g.o) a^i ^ 



3.2jtHl. a o v^^) a. #^°loi] si *V cfltV^^ *]] 98-26332JLS] -g-^ ^^.5. A>-g-sl^ ^2] 7V3 

ol J17folDj, ^§1-71 £ olsj^- ag- oj-qef 7flS» ^-§-3. ^sKr ^51 ££th ^-^ ^r-g- A]--g-S}-^ £ 

Zief5l- 0 1S cfo}^l^ ^ 7]7} ^«Vo)] ojo^ ^1 ^^]o) 37 ] 7 j. ^^j^i ^c). H>_g..g. ^-Efl 

ofl iEUl^ ^-f2] 51^)71- o^^ji gro. a]? j. o) 4-^.^4 o|2)- ^o), 2] *V cfl?J-°l^ ^-^#^J 98-26 

33231 3] ^J-^sq. a o l-^ o. aJ-^ ^ofli;: ^^^JI oj^s) 7fl^^ 0^)7} ^4. 



A o v 7l2|- ^ ^-g ^-°VSH ^-2.5., *fl 98-263323: °i) 7flA)^ 

^ ^- 7 }°\ 7flAi^ ol-g-S^ y o V ^-a- %lcf. 

^^lSf 7^ ^^|^ ^s]. 7 l 21s)-<^, ^. ^-^CH) a).# ^-^ ^]^, ZL^5)-olE Cfol^, ^Bf°! 7^^- 

^e>3)-olE 40]^^]^, ^-Sj-^ol 7fl^£lJl ^"^^S. *l]2:ii Jl^Sl ^#ol ^-g-^7f %^S\o] ojcf. 

Xilel-nl ^^o| ^Aj-ofl cfl-g-S]^ ^Aj-^. 7Md)) Zl^olE ^-g-^-S] 7fl^^ AJ-^^. <gBi]Sl-£S 

7>1^-fe ^r-g-S Jl^-ol «t-g-g- ^-EflS. ^#£)£s. 7}<i?Vcf. 7f<l^^ =L 

^<H1 ^r-g-€ ^^-#^1 EL7]°\] of 4 ^3}. 7.^51- 3 <as 51$^- ^ Si^^- H^l /Br*}*) 

^-g-^-^ 5^ 7fl^^^ -f-sfl ^ol^- 7>^5>7l] *lx}£}o] t 7><l^-o)l o^^fl Aj-efl^. 7^^J ^4? 

#o] ^ #0 ,, ^jEj^S. «}-§-§- ^Efle) AJ-^O.^. 7 ><?J-^Cf. 

* >a-a«F& t>7fl; °y^B] bd^o.^^ ^aj^ ^ ^ aj-^o,] ^%\ty^ ^-g-^- 

^2] JI^ ^^f#o| ojjAj-4 J7AJ-0) ±^|^ aj-g-g- Aj-Efl 7 > E]£S. =^1-^. 7>^§l-fe ^7fl; aV-g-g- Aj-Efl2) 7> 
<y-SF^ ^)E^^ i%%6\] ^AjA] 71 Jl, o]l- ^Z}-A]7l^ cl- Til* 5L«-?b^. 
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of^H. f£ *\)°]$= ^l<H^°fl 7)^^ ?\\°] iEflH-i- ol-g-sj-oj ^o.S. ^H^Vcf. 

al-^SMIfe, ^-g-§- ^EflSl 7>^^ nfl, ^#3] oPaJ. a ]^.o. 2Q ^ 60%JIj aj-g-£]fe 1 tfl 

*1 50MPa. 7f«a- ^Al 4-5.±= 0.2 vfl^l 5m/ S olcl-. 

' *i. tf^si ^ xm. 

^ ^3. t^fe C-l 5£^-*Vcf. 

t^^l Hl-^2!*V ^Al^l- Aj-AflSj-Tfl ^^^C}. 
£ 1* -£- ^<33 ^ ^Aloflo)! u}-& ^-^ ^-Al* 7fl^ 5LA)*V ^JEt}. 

51a)s) ^o), ^v^o^ ^aI^o]] ct|-s .g.^ ^^j. nel-nl-olE cfoj^i(io), ^#(20), 7}^, 7pJ- # 

J2S)-Il)-o|E Cfol^(10)£. 3.^^(61)5] Sl-^O)) i^£]<H $U.°H, W^O] 7fl^^i ^(ll)t ^^5>fe nH}4°l 

cf(£ 2 ^-g-^(ll)4] Tfl^ Aj-^ofl QjAjsKr JI^^-(51)o)lfe ^-g-^-di)^ o) ^ :g~i-^(52H % 

i^(61)£] ^o)]^ Aflef^i ^-S(20)o] ^sl«H 5U4. °1 ^«(20)£r ^-g-^-(ll)S} 7fl^ -tf^-g- ^sj] 

*H, *r-g"¥-(llH 3*Hr ^«\\$= -g^S) %-^{2l)7\ ^51<H o)^^, ^#(20)£- 

3.71S+ 7)-a|^ nj-^Ei sfl^l HLfe ^-^(mock-up)^^-^! ^I-^a]^. 

2j-S- ^ 7f1 ^cHsffe ^1] ^ •¥" ( n ] S. A ] ) -S - 7^cf. uf^sMlfe o] 3^(31)-& siflefolE jiJi^(i2)2f 

a*fl 7f^SV^l AZcf. «12}- ^-o) S^(3l)ol S^l 7]-^Sl-7)l ^^lSl'g, ^(ll)i ^-g-Sl^ ^«-g-(M)2l 

3.7] o)l ttJ-H.} J7^4 7]-1-g- 3°^, ^^31- ^ 7><l-g- S°J* ^^^i^-S ^^1^" ^ °lcf. 

7V<y- ^Hj^^, ^-8-^(11)21 Ml^-o,] 3)*]s]o) ^-§--^-(11)2] Sf^-a- ^3)]5l-Jl olon], ^^^(42)^)] 2] 8)] 

•a-^ S^^-^, ^#(20)2]-, ^1^^(61)^, Ziel-aHH cfol^(io)jq-, 7PJ- #2d^(41)lr ^-§-Sffe ^tH(51)^, 
^1* ^«1(51)sl ^-^^1^ ^ ^Bllsffe -g3i]^-(52)(53), ^ ^ ^H(54)» 5L^§1-J1 

AJ-^ ^ ^.(53) o. ^ ]21 aj-^o)] a^^]^ ^7 0 V ^^c-1(62)<H] ^sfl °}^-^}^, ^^\(62)s] t}^o\}^ ^m. 
(20)* ^]t\c^ Jl^^(61)ofl ^ ^-el*l-7l ^)^-(63)7l- oi^ 

MWQ ^#(20)* ^^«-cf. 

• °1 ^lef^ ^-&(20)-&, £. 4a S. 4b5+ ^^]» 7\ ^ ^^^cf. 
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£ 4a* ^Hd, eflsl^ (Rapid Prototype) £fe CNC °l-g-sH D r^£| a«l € ( 1 ) °1 M- 

^-•3* ^^tbcf. ^elJl i-M. A o^2r -Kmolding box)(a)£A)) ^^.ofl n^E-J 3fl^(l)-g- flaM^n. # 
^(slurry) *fl5)-sl-g- f- vfl^-ofl "o^ 7^ -g-JIAlTjc).. ojofl 4^ D >^ E ^ ^(1)3 ^^sj- «V^€ *§^% 

5E?h £ 4b» #2:*V^ , "r^&l 3fllti(l)£ £ 4a^ ^^-S)- £3 cflAj--§-°l ^Aj-o] <£4}g Aj-o)] .g-z^ Aj-Efljg. fl^Sj jl, 

o|e-|6V of^Ei 5||>a(i)-g- ^ #-g- ol-g-sH #J=(2)» c+-g-o.^, z^s) aJjjJs 

^ + oi 7 i nfl^-ofl, ^Aj-o) ^33. cf^ 7fl^S>JlA|- ^ ^-f -fj-iMsl-c}. 

Sh>l. ^-t(iO)o) afl*^ ^sfsMs. cfoi^do)^ ^-g-«.(n) A^m. ji^2l 

M). Ur^SrTflfe ^-g-*h}. -g-^ «-*(M)€- 7>«?J- #3*1(41)21 aJ-dJoi] ¥°<1*H, ^ «~g-(M)°] ¥°1 

**(M)o| ^-g-^UiHl ^-g-s)ji q-ig, $*(20)°1 4^1 -¥-(63)ofl ^x]^ aj-eihh ^^C-K62)7> S)-# 

Sfcx| Aflefej <81-(20)-g- al^«-(61) *M<Hl W€ ^#(20)^8r 3|-*l ^ ( 63 ) 7> *)*) ^^c-](62) 

21 sL!=oll 2]afl sj-Mj- O.S 



^■8-¥-(lD ^-¥-7> ^ ^Efl7l- SlJi ufol, ^-§-"-(11) ^ofl ^-g-^ «-g-(M)ol JlAj-2)- o_BA o Vol ^€ ^-§-8- -tf 

EflS. SlSL^- #^ «-g-(M)-g: 7><at}-cf. ^-§-¥-(11)21 ifl^-7> ^1^- ^El|o|D S ^«-*(M)ol 7}f£f ^VS)-Sl^ ^ 
Aj-ol ^s^l ftJr^Cf. 0)0)1, *-S-(M)2j H7H1 ^ISio) ^ «~g-(M)«>l rt 0 i*M) ^ tfl 3= ^ 

«r*(M)Sl 100mm o]^o] ^-fo)lfe 7^5)- -B-£ 7^-g- ©l-8-*|-^ 7><i5l-JL, «r-g-(M)2l *!^ol 

100mm o]^\o] ^ °- ofl^ ^e. 7><1^- °l-g-*H 7}^t^. 



-8-S. 7}?Jo 1 ) o)«l) ^ «~g-(M)* 7>«iSH ^ A o V 4 aJjAj-o) ^Tfl^ HV-g-g- -y-EflS. ^V^Cf. Olufl, til-g-g- Aj-Efl 

21 «~g-(M)°l °l^ls r 3- 7H£s JHH^l c lel 7><a 71-1 ^E ^ -grE -B-^l Al 

71^- ^) oleic)-. 

°le!«- 7}i >LM1 £f «-S-(M)2) ^jAj. H )-§-o) cfls* 20 tfl^l 60% a}^*! *l-7llfe 40%<>1| 7><y- f-2l*l 

(41)* ^Al?q Bl-g-g- Aj-eflo) ^( M )# ^»2l ^^-(21)«^1 71-^SH *^^l?lcf. a)7H, #21^(41)21 ^^1 
0.2 M)*] 5m/s, <3-^-°r 1 tfl^l 50Mpaolcl-. 

2)#2) o.s. ^*(20)2l f^^(21)°11 ^#2. ^#(M)-fr Wl^l^ Ji^ ^Aj-o) ^-^-g- oj^. - ojcf. 



-L>^ t ) -S-^t!- ^ A o v s) ^^-g- ale) 7)1 ^l3l-sl-j>7> 7j^o)) fe £ 4bo1 ) a>«4 ^ h 0 v^^- ol-g-sl-<s| c+^o) ^ej. 

^ ^#(20)-a- ^1^-W. ZL^JL ^#(20)21 ^^-¥-(21)ofl ^ «r*(M)ol 4*, ^^1=1(62) 

» A o v *^l^ ^#(20)^: 31-^1 ^-(63)0.5. ^-Ei -S-sl^H ISLsL ^^^1 7lJI, Afl^.0. ^.^ $-g-(M)^- ^-g-¥-(ll)«Hl ^ 
■8-al-Jl Afls-^r ^#(20)* s)-7l^.(63)°)l 34-a1a)7U 3.^^(61) ^«H1 Ma] 71 ^ ^Jofl 2)31) ^^r^l^S. a] 



^-^2) jglul)- 
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Sl-i -g-Ol^l Jil^)^ ^ clef. Hl^V, BV-g-g- Aj-Eflcq < a ^o JM L El nl. 7pJS)-7l nflg-ofl 7HJ-§]2] ^fl <H ^ -fro]*} 

A. 

^^2] 7l#2| A^e] .0*1 » 9}<>H4*1 HH^ 2ju>^*l C^sfTfl AjA^ ^ ol-g- ^ o] tj-. 

(57) ^^2] »]2l 

1. 

Aj-Sj-^o] 7H^£li, ^ JlS 7)1 ill J1^2] #^#o] ^-g-5^ ^-g-^7> ^Aj3 ZL^olH cfolAjl; 

el 

A cM ^-g-^-o)) ^-g-s) ^-##0) ^aJ-o] av-g-g- Aj-Efl^. #7] -g-^r-i-g; 7><i*)-fe ^3; 

#7] ^-g-^-2) Sf^ 7fl^>3# l-6fl #SM* 7}^}7]} ^SH, ^7) ?}<£ ^3°fl 2] 6fl «J"g-§- A^Eflii. 
°1 A cM ^)e}5l «j-l-o)| Aj- 7] h>^o. Aj-Eflo^ ^-^o. Aj-^O.^. 7}<&t>}±r 7\<& #3*1; ^ 

A>7] 7><y- -§Bd*l7j- ^7} g-^-§-g- 7}<y-^ nfl Aj- 7 1 3^ Aj-Efljg. Aj- 7 ) ^#2l 

W>)7)7} s^^-t sWfe -g*J 

2. 

7fl 1 *<M] Xiol^, A c V 7l 7l-<! AJ-71 ^21-^1 E Cfol^jo^ -^-g--L ^-eflo)] Aj ^ £) ^ Aj-7) ^-g-^-^ ^-g-^J 

-g: 7V1S1-71 21*i -2-51 7>^-g- S^^l-, Aj-71 -fr5L 7>2j-g- S2J21 ^-f- ^ 7 ].<g t^H 5^ 7^H»^ XfJ-sH , ^> V 

7] -f r 51 7)-2l -g- 5I2J2- ZlB-f^ol E cH^o} ^^--^o)] ^-g-^ ^-^#2l 3.7]°\] a}-^ SL^-JI\- 7.-1^2)- S$J^. 

^ a^i 7^*1-711 51 -I- ^-^^.s. ^"^ Tfl^l- #*1. 



3. 

^f-Sj 7flAV ^]S| -"p-g-J^L J7^0l -g^l-i; ^OJg).^ c}^; 



ol-iE^ sflEi o_s.^-b\ ^Ajsi ^el-ei g-sj *\}*\- aj-^o^ ^-g-Jf Aj.^.oii 4i^l*Vfe ^l; 

^7} -"P-g-^ Vfl2) i*) ^#C| Oj)A>Il)- J7AVO) ^7)]^ HV^-g- Aj.Efl7l. A>7l ^"^1-* 7>2l5f^ #711; 

AJ-71 Aj-Eflo) ^^-^ 7l-°h5V^ AJ-71 ^1^ ^»<>fl #^Al7lJl ; o|f ^zJ-A)7)fe cj^ll- Ifs^ *W 

4. 

^1 3 *J-<>11 aI^a-], aJ-7] 7}2J 33121 -&SL TlHfe 7ll<H «.ofl n) e| 7^^ t^H ^l-g-Sl-^ 7-}%-<L3. *i]o]^ 74^- 

7flA)- « C V^. 
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^^8" 5. 

*fl 3 5U<>H, ^7] ^-8-8- -S-EflSl -g^l-g- 7}^ nfl, ^71 ^#1-21 ul-§-£ 20 60% ^j-g-S]^ ^ 

2 1 Hl^l 50MPa, 7}-oJ- #al^Sl ^ ^5Efe 0.2 H)*] 5m/s<i] 3-§- -^H-S- Sffe ^ ^H. 

^T 1 * 6. 

• S.S: 5$ ^-8: *1 3* ^ O-S. 5}^r ^12)- 
^T 1 * 7. 

-§-¥- ^« ^Efls. ^-7il» CH S#*Hr sj-g- f^o £ Sj-^ a)]*)- 
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